Abstract -Two trials were conducted to study the effect of offering dairy cows maize silage or hay from mixed sward (white clover and ryegrass) in trial 1, or from permanent sward in trial 2, on milk yield and composition and on butter properties. In trial 1, 24 Holstein cows were arranged in a changeover design during two 6-week periods. They were offered either maize silage with soyabean meal or hay plus maize grain. In trial 2, 31 Holstein cows were used in a continuous design. They were offered either maize silage with soyabean meal or hay plus cereal concentrate. With both hay diets, the amounts of concentrate were low and equal even if the energy content of the hay in trial 2 was lower. Therefore, compared with maize diets, energy levels with hay diets were slightly lower in trial 1 (-2.5 UFL) and greatly lower in trial 2 (-7.3 UFL). Offering hay significantly decreased daily dry matter intake (-3
INTRODUCTION
The diet offered to dairy cows can have a significant impact on the fatty acid composition of milk fat [4, 5] . In particular, conserved grass induces an increase in unsaturated fatty acids in milk fat compared with maize silage. This modification of the fatty acid composition, in particular the increase in the C18:1/C16:0 ratio, could affect the organoleptic properties of butter, and as already demonstrated by the Arilait study [2] , spreadability of the butter was improved, but the risk of rancidity or oxidation was greater due to an increase in the concentration of unsaturated fatty acids.
There are limited data on impact of forage on the organoleptic characteristics of butter in lowlands. Houssin et al. [15] [16] [17] [18] demonstrated that butter properties, colour and texture in particular, were moderately modified by grass or hay silage, in comparison with maize silage.
The interest in hay for cheese-making is partly linked to the absence of butyric spores that may otherwise be present in silage-type forages. Comparisons between cocksfoot-based hays or hay harvested at various elevations in Auvergne or in the Alps showed that some sensory characteristics of Saint-Nectaire-type cheeses differed between forages, although these effects were relatively small [32] and were probably linked to the floristic composition of the hay.
The aim of this study was therefore to characterise the effect of hay on milk yield, milk composition and on the sensory properties of butter and to compare it with that of maize silage. Two trials were conducted with that objective. The first study compared maize silage with good Nature of forage and quality of butter 507 quality hay made from ryegrass and white clover swards. The second trial compared maize silage with hay from natural lowland swards, with a wider botanical species variety.
MATERIALS AND METHODS

Experimental diets
Two types of hay (HA1 and HA2) were compared with two maize silages (MS1 and MS2) during two successive trials in the winters of 2001 and 2002. The objective was to provide minimal levels of energy concentrate to the dairy cows, so as to maximise the specific effects of the forages. In both trials, the quantity of forage offered to dairy cows was equivalent to 95% of the ad libitum forage intake during two weeks of experimental diet adaptation.
In trial 1, hay from a reseeded sward was composed of a mixture of ryegrass (27%) and white clover (73%) harvested in July, under good weather conditions and after 56-day regrowth. The sward was reseeded in October 1999 with 30 kg·ha
−1
Ohio ryegrass and 5 kg·ha −1 of Alice white clover.
In trial 2, hay, from a multispecies complex sward, managed without nitrogen supplementation, was composed of a mixture of hybrid and English ryegrass, incarnate clover, red clover and white clover. Adventices were present. The hay was harvested in late July 2001 after 63 days' regrowth (2nd cycle) following a period of wet weather. The sward had been reseeded in Spring 2000 with 10 kg·ha "Gladiator" hybrid ryegrass, 10 kg·ha "Dipper" red clover, 5 kg·ha −1 "Dawn" incarnate clover, 1 kg·ha −1 "Donna" white clover and 1 kg·ha −1 "Hareng" white clover.
In trial 1, care was taken in diet formulation to ensure that both dietary regimens provided the same amounts of digested starch in the intestine, by taking account of the bypass starch contents in all diet components. Therefore, the hay diet (HA1) was supplemented with 4 kg maize grain (95% maize and 5% molasses) and 150 g mineral compound 12-12-5 (% of P -% of Ca -% of Mg). The maize diet (MS1) was supplemented with 3 kg soyabean meal and 300 g mineral compound 5-25-5 (% of P -% of Ca -% of Mg).
In trial 2, the hay diet (HA2) was supplemented with energy concentrate (4.4 kg) (21.5% wheat, 22% barley, 17% wheat bran, 20% sugarbeet pulp, 15% rapeseed meal, 2% molasses, 0.5% CaCO 3 , 1% NaCl and 1% NaHCO 3 , DM basis) and 150 g mineral compound 12-12-5 (% of P -% of Ca -% of Mg). The maize diet (MS2) was supplemented with 2.6 kg soyabean meal and 300 g mineral compound 5-25-5 (% of P -% of Ca -% of Mg).
The composition and nutritional values of the forages and energy concentrates are shown in Table I .
Animals and experimental design
Trial 1 was conducted according to a changeover experimental design over two 6-week periods with 24 dairy cows divided into 2 groups of 12 based on similarity in lactation number, lactation stage, milk yield, fat and protein yields and contents, liveweight, body condition score and DM intake. Milk yield at the beginning of the trial was on average 28.8 ± 3.4 kg·d −1 , fat content was 42.4 ± 5.0 g·kg −1 , protein content was 32.5 ± 2.0 g·kg −1 , liveweight was 618 ± 52 kg and mean lactation stage was 106 ± 17 d.
In trial 2, cows received two diets over three 5-week periods: period 1: maize silage; period 2: hay; period 3: maize silage. Thirty-one dairy cows were included in this trial. Milk yield at the beginning of the trial was 30.8 ± 5.7 kg·d −1 on average, fat content was 40.0 ± 4.5 g·kg −1 , protein content was 29.2 ± 1.9 g·kg −1 , liveweight was 584 ± 69 kg and mean lactation stage was 72 ± 21 d.
Measurements
Animal performances and milk measurements
In trial 1, individual cow feed intakes were recorded individually on a daily basis. During trial 2, the cows were not fed individually, but in batches. The amounts of feed given and refused were then weighed daily and globally for all the cows. The cows were milked twice daily and milk yield was measured at each milking. Fat and protein contents were measured on three days each week (6 milkings) during the first four (trial 1) or three (trial 2) weeks of each period and four days per week (8 milkings) during the last two weeks of each period (both trials). Fat and protein contents were measured with an infrared analyser (Milkoscan, Foss Electric, Hillerød, Denmark).
In trial 1, the 24 cows' individual milk was sampled once per period at the morning milking. In trial 2, a mixture of individual milk samples from two milkings (evening and morning) from nine cows representative of the 31 cows (same milk yield, average fat and protein contents) was collected once in every period. Total nitrogen content, non-protein nitrogen matter (NPN), non-casein nitrogen (NCN), casein and urea were assessed according to the methods described by Hurtaud et al. [19] . Total and soluble calcium were analysed by atomic spectrophotometry absorption on milk yield and milk ultrafiltrate, respectively. Milk fatty acid composition was analysed by gas chromatography after extraction [1] .
Butter manufacture and physicochemical properties
Butter was manufactured twice during each experimental period. Milk from two consecutive milkings of 12 cows in each treatment group in each period was used in trial 1. The milk from four consecutive milkings of the 31 cows was used in trial 2. In trial 1, butter from each of the two consecutive milkings was made on the Tuesday (hay treatment) and Wednesday (maize treatment) of the last two weeks of each period (2 butter-makings per period) and in trial 2, on each Tuesday of the final two weeks of each period (2 butter-makings per period). Milk was stored at 4˚C until processing. It was subsequently heated to 50˚C with a hot-plate exchanger, then skimmed with a MM1254 cream separator (Wesfalia, Chateau-Thierry, France). The cream was pasteurised with a hot-plate exchanger (80˚C for 20 s) and standardised around 400 g·kg −1 of fat. After pasteurisation, cream was cooled as rapidly as possible at 4˚C. Butter was made as described by Couvreur et al. [7] .
Physical measurements were made on the butter 14 days after manufacture. The colour of the butter was measured on three samples (four measurements per sample) with a MINOLTA chromameter [24] . Butter samples were tested for resistance to penetration using a universal testing machine (Instron, model 4501, Norwood, USA) on 3 samples of butter conserved at 4˚C for 15 d and on 3 samples conserved at 12˚C during the preceding 20 h [7] . Butter pH and dry matter content (by recording the mass lost by a sample of butter of 5±1 g during drying in an oven at 102 ± 2˚C for 15 h) were also measured.
Butter sensory attributes were evaluated by the sensory analysis laboratory panel of ENILIA of Surgères (Charente-Maritime, France) at a tasting temperature of 14 ± 1˚C, as recommended by standard FIL 99C [12] . This panel comprised 10 trained panellists who were trained according to ISO 8586 standard recommendations [21] . In single sessions, each panel member was requested to evaluate odour (total intensity, rancid, cream, milk, grass, hay and hazelnut), flavour (total intensity, rancid, acidity, bitterness, cream, milk, grass, hazelnut and metal), firmness, and melting in the mouth, giving a score between 0 and 10 (the more intense the criteria was, the greater the score) on a continuous rating scale.
Statistical analyses
Data were analysed according to the GLM procedure of SAS [28] . In trial 1, the statistical model used for analysing milk and butter composition parameters was as follows: Y ijk = μ + p i + v j + c k + e ijk where μ was the mean, p i the period effect, v j the cow effect (or batch for butter), c k was the treatment effect and e ijk was the residual error.
In trial 2, data were analysed according to the MIXED procedure of SAS [28] . The model tested the effect of period, and orthogonal contrasts were used to analyse the effects of periods 1 (Per1) and 3 (Per3) (maize silage diet) versus period 2 (Per2) (hay diet).
In both trials, sensory assessment scores were analysed according to the CATMOD procedure of SAS [28] . The model only tested the treatment effect. 
RESULTS
Dairy cow performance and milk composition parameters
The quality of maize silage used in both trials was similar, as expected (Tab. I). In contrast, the hays were very different. In trial 2, the energy and nitrogen values of the hay were clearly lower (0.62 vs. 0.77 UFL and 72 vs. 89 g·kg −1 PDIE, and 69 vs. 96 g·kg −1 PDIN, respectively) than in trial 1 and its fill value (LFU) was higher (1.17 vs. 1.07) (Tab. I).
In both trials, forage intake and total intake were markedly reduced with the hay diet. This reduction was more marked in trial 2 (-1.4 kg·d −1 , P = 0.001 in trial 1; -4.9 kg·d −1 , non-statistically tested, in trial 2) (Tab. II). Overall, concentrate intake amounts were low: 21% of total intake amounts on average. In trial 1, energy and PDI balances were positive for both diets, but energy balance was clearly lower (respectively, 0.4 vs. 1.8 UFL·d −1 , P < 0.001) and PDI balance was higher with the hay diet (respectively, 191 vs. 289 g·d −1 of PDI, P = 0.007). In trial 2, energy and PDI balances were positive with the maize silage diet, although with the hay diet, the energy balance was highly negative (-4.4 UFL compared with MS2 average diet) and the PDI balance was low (-106 g·d −1 of PDI compared with MS2 average diet). Energy and PDI balances were not or were little different between the two trials with the maize silage diet (for energy balance, 1.8 vs. 1.8 UFL·d −1 and for PDI balance, 191 vs. 123 g·d −1 of PDI). In contrast, they were numerically much lower in trial 2 than in trial 1 with the hay diet (for energy balance, 0.4 vs. -2.6 UFL·d −1 and for PDI balance, 289 vs. 17 g·d −1 of PDI) (Tab. II).
In both trials, cows offered the hay diet had a significantly reduced milk yield (-3.2 kg·d −1 , P < 0.001 and -5.5 kg·d −1 , P < 0.001 for trials 1 and 2, respectively), protein content (-1.5 g·kg −1 , P < 0.001 and -3.1 g·kg −1 , P < 0.001) and fat and protein production. In trial 1, fat content was not significantly modified by the hay diet, whereas in trial 2, fat content dropped sharply (-3.0 g·kg −1 , P < 0.001). In trial 1, the cows' liveweight was not affected by treatments, whereas it was significantly decreased by the hay diet in trial 2 (-13 kg, P < 0.001) (Tab. III).
Offering hay-based diets to dairy cows resulted in a reduction in milk total nitrogen contents in both trials (Tab. IV). This decrease was essentially linked to that in casein content in trial 1 and to that in casein and soluble protein contents in trial 2. Overall, the casein to protein ratio was not modified by diets in trial 2, whereas it was slightly but significantly reduced in trial 1 with the hay diet (-0.5 units, P = 0.036).
In trial 1, the hay diet induced a significant decrease in non-protein nitrogen and urea (respectively, -0.19 g·kg −1 , P < 0.001 and -54.7 mg·L −1 , P < 0.001), whereas in trial 2, it only induced an increase in urea (82.8 mg·L −1 , P = 0.018). The hay diet did not affect the total, soluble or colloidal calcium contents in trial 1, whereas it strongly decreased them in trial 2. The colloidal calcium to casein ratio did not vary in both trials (Tab. IV).
Hay-based diets induced a significant decrease in the proportion of saturated fatty acids in favour of monounsaturated and polyunsaturated fatty acids (Tab. V). The effect was more clearly seen in trial 2: the unsaturated fatty acid contents increased by 8.8 units percent versus 1.8 in trial 1. Unsaturated fatty acids were almost 30% of total fatty acids with the hay diet in trial 2. The increase in monounsaturated fatty acids with the hay diet was linked to the increase in C15:1, C16:1, C17:1 and C18:1. The C18:1/C16:0 ratio was marginally increased by the hay diet in trial 1 (0.04 units, P = 0.05) and more markedly in trial 2 (0.27 units, P < 0.001).
The hay diet increased the C18:1/C18:0 ratio in both trials and the C16:1/C16:0 ratio in trial 2. Polyunsaturated fatty acid content responded differently between trial 1 and trial 2. In trial 1, the hay diet decreased linoleic acid (C18:2), whereas in trial 2, it significantly increased the same acid (-0.23, P < 0.001 and +0.50 unit percent, P < 0.001, respectively). The hay diet induced a significant increase in linolenic acid (C18:3) in both trials, with a greater effect in trial 1. Among the saturated fatty acids, the hay diet reduced the proportion of short-chain fatty acids (C4:0 to C10:0) in both trials. In trial 2, the reduction also extended to medium-chain fatty acids, C12:0 and C16:0 in particular. The hay diets induced an increase in the proportion of long-chain odd fatty acids, such as C15:0 and C17:0 (Tab. V).
Butter manufacture and organoleptic characteristics of butter
Offering cows hay-based diets produced no significant effect on milk suitability for butter manufacture (Tab. VI). Butter yield, fat-corrected butter yield and fat yield were not modified in any of the trials. The hay diets did not affect butter pH and DM contents. Only churning time was reduced in trial 2 with the hay diet (-9.5 min) (Tab. VI).
In trial 1, butter texture properties, as measured at 4˚C, were not altered by the hay diet except for forces at 10 and 18 mm of penetration, which tended to increase at 4˚C (respectively, 0.022 kN, P = 0.065 and, 0.04 kN, P = 0.090). In trial 2, butter was much softer with the hay diet, regardless of the measurement temperature. At 5, 10 or 18 mm of penetration into butter, the forces were less than half those noted with butter produced from cows offered the maize diet (Tab. VII).
The sensory analysis panel also found a different effect of the two hay diets on butter firmness in the mouth (Tab. VIII). In trial 1, the hay diet produced butters assessed as slightly less firm in the mouth (respectively, 6.04 vs. 6.79, P = 0.036) than with the maize diet, but with no difference in the mouth melting rating. In trial 2, the hay diet produced butters that were also clearly less firm in the mouth but had a much higher mouth melting rating than with the maize diet (Tab. VIII). Maize butters had very similar physical properties across the two trials.
Dietary effects on the colour of butter also differed between trials. In trial 1, butter was more yellow with the hay diet, whereas in trial 2, butter from hay was not as yellow as butter from maize, which was much more coloured than the maize butter in trial 1. This difference in colour, which was measured by reflectance, was also found by the sensory analysis panel in trial 2 (Tabs. VII and VIII). However, in trial 1, the sensory analysis panel did not make any colour distinction between butters from either diet while in trial 2, butter from hay was assessed as significantly less coloured than butter from maize; it should be noted that the intensity of yellow colour was generally low in both trials regardless of treatment. Globally, the scores given by the sensory analysis panels for odour and flavour were not very high, the maximum average score hardly exceeding 5 (Tab. VIII). Hay or maize diets did not produce butters very different in taste. In trial 1, of the fifteen odour and flavour descriptors, only two descriptors were affected by diet: firmness and rancid flavour. In trial 2, eight descriptors were affected by diet: colour, firmness, melting, fat texture, total intensity of odour, odour of cream, odour of hazelnut and rancid flavour. Total intensity of odour tended to be or was stronger with maize butter in both trials (respectively, 0.56, P = 0.070 and 1.75, P = 0.003), while butter from the hay diet tended to have a more oxidised metal flavour (0.42, P = 0.108 and 0.34, P = 0.102). In both trials, the hay diet produced butters with a significantly stronger rancid flavour (0.33, P = 0.011 and 0.58, P = 0.013) although the scores of this parameter were below 1. In trial 2, the magnitude of the differences was greater (Tab. VIII).
DISCUSSION
Effect of hay-based diets on animal performance and milk production
The marked effects of the hay diets on milk yield were characteristic of nutrient restriction. Indeed, the amounts of DM ingested with hay compared with maize silage were lower, resulting in a lower energy supply. In trial 2, the energy balance was even highly negative. Furthermore, to highlight the forage effect, a low level of concentrate supplementation was used in both trials (maximum 4 kg·d −1 DM of concentrate). Low milk production with hay diets has already been reported by a number of authors [14, 16, 30] and is entirely consistent with the milk production and protein content response to energy supplied by the diets [6] . Based on the findings of these authors, the difference in energy supply observed in the present trial (-7.3 UFL) was likely to induce a decrease in milk yield of 5.6 to 7.8 kg·d −1 . The decrease in intake with the hay diet can be explained by the fact that this type of forage has a greater fill value than maize silage. This was more evident in trial 2, where the fill value of hay was 1.17 (vs. 1.07 in trial 1), due to higher crude fibre content [10] . The very sharp decrease in hay intake in trial 2 may also be explained by a palatability problem with that hay. Indeed, the decrease in DM intake (6.2 kg·d −1 DM between MS2 and HA2) was sharper than the difference predicted from hay fill value (2 kg·d −1 DM).
As Couvreur et al. [8] showed that there was no significant interaction between the type of forage and the energy level of the diet, and that the effects of forage and energy restriction were cumulative, the effect of the hay diet in trial 2 could thus have been increased by this cumulative phenomenon, combining the type of forage with energy deficit. The sharp increase in certain milk fatty acids with the hay diet in trial 2, C18:2 and C18:1, may have in part resulted from the energy deficit as the fatty acids can originate from hay and from adipose tissue mobilisation. According to Chilliard et al. [4] , adipose tissue triglycerides would contain a significant amount of linoleic acid that might have been used during lipid mobilisation.
Effects of hay diets on milk butter-making capacity and butter sensory characteristics
Butter-making capacity
Except for a decrease in churning time in trial 2, the type of forage had little effect on the suitability of cream for buttermaking. The decrease in churning time with the hay diet in trial 2 could be explained by a decrease in the fat melting point (theoretical melting point calculated from the melting point of each fatty acid: 39.0 vs. 43.0
• C with the maize diet) due to the increase in unsaturated fatty acids [27] . Indeed, it would appear that cream characterised by high contents of low meltingpoint triglyceride would churn faster than cream poor in these triglycerides [27] . The lack of a hay effect on churning time in trial 1 may be linked to the absence of a treatment effect on triglyceride composition and more specifically on triglyceride melting point (theoretical melting point calculated from the melting point of each fatty acid: 43.8 vs. 43.2
• C with the maize diet).
Butter texture properties
The effect of hay diet on the texture properties of butter was moderate in trial 1 and more pronounced in trial 2 both in terms of physical measurements and sensory panel assessments. Cullinane et al. [9] related texture improvements to fat thermal change characteristics, in particular to the decrease in solid fat content in grass silagebased butter. Indeed, the spreadability index, C18:1/C16:0 ratio and more generally the unsaturated fatty acid contents were increased by the hay diet in trial 2 but remained unchanged in trial 1. These results were fully consistent with sensory analysis scores, as in trial 2 hay butters were judged to be less firm in the mouth and also more melting. These results were comparable with those of Houssin et al. [17] who also obtained more spreadable butter with hay.
The changes in fatty acid composition with hay, particularly the increase in unsaturated fatty acids, were consistent with the literature data [5, 17] . These unsaturated fatty acids could come directly from the lipid in hay. Indeed, the presence of linolenic acid in milk could only have a dietary origin [5] . Linolenic acid concentration was often moderate in our trials and much lower than noted by Chilliard et al. [5] (0.38% on average in our trial vs. more than 1.3% otherwise with hay diets), perhaps because of the conditions of preservation of the forages. Unsaturated fatty acids in milk could also derive from adipose tissue mobilisation. Hay may also have induced an increase in udder desaturase activity. The increase in both the C16:1/C16:0 and C18:1/C18:0 ratios in trial 2 would indicate a more intense activity of Δ9-desaturase in the udder [13] .
The effects of hay on butter texture properties were more significant in trial 2. This result was consistent with the effects on fatty acid composition.
The impact of the hay diets in the present study was relatively weak by comparison with that of grass silage [16] or fresh grass [7] . Providing increasing amounts of cut grass to supplement a maize-silage-based diet altered milk fatty acid composition (more unsaturated fatty acids) and clearly improved butter organoleptic properties (a reduced firmness, more colour) [7] . The effect of hay diets cannot be generalised, as shown by the differing responses across the two trials. Conversely, the effects of maize diets on butter characteristics appeared to be rather constant from one year to the other.
Butter colour
Hay diets had little effect on butter colour. This finding is consistent with that of Houssin et al. [16, 18] on butter and Camembert cheese, and of Nozière et al. [26] on milk. Offering hay diets to dairy cows induced less coloured products than grazing [31, 32] or grass silage [15] . According to Nozière et al. [26] , β-carotene contents could account for 40% of milk colour variability. The rate of decrease in β-carotene content in preserved grass, and in the milk produced, depends on the light exposure time after cutting [23, 29] .
In trial 2, offering a hay diet to dairy cows produced a less coloured butter than in trial 1. The two hays had been harvested under different weather conditions. In trial 1, hay was harvested under fair weather, whereas in trial 2, hay had been produced during rainy weather. The colour differences between the two butters from hay could be explained by a greater loss of pigments in trial 2, resulting from prolonged weather exposure and greater loss of carotenoid pigments [23, 29] .
Cows offered the maize diet produced a milk that gave a more coloured butter in trial 2 than in trial 1 and more coloured than butter made with milk from cows offered the hay diet. This result cannot be a diet-related artefact as cows were given the same amount of soyabean meal in both trials. Also, it was not an artefact linked to the chromameter because the difference was also detected by the sensory analysis panel. This type of result has not been previously documented in the literature. According to Martin et al. [23] , the quantities of β-carotene ingested with maize silage were extremely low. Weiss [33] specified that maize silage contains 1 to 4 mg·kg DM in hay and grass silage. An explanation could be that the plant in our study was cropped at an earlier stage (more cobs) or that other pigments were present in the maize, which may have contributed to increasing the yellow colour.
Butter flavour
Butters derived from hay diets in trial 1 exhibited sensory characteristics which were similar to those from maize diets. In contrast, differences in sensory properties between hay and maize butters in trial 2 were clearly more marked. This may have been due to a wider floristic diversity in the hay, as can be the case with highland cheeses when comparing graminaceae-based and seeded leguminaceae swards and natural grassland hay as forages in cheese production [32] .
The lower total intensity of flavour with hay diets in trial 2 could be the consequence of lower butyric and hexanoic acid contents in cream, as they appear to be the most significant fatty acids which contribute to butter flavour, according to Molimard et al. [25] . The lower cream odour and flavour with hay diets could be linked to reduced cetones in butter [3] . The stronger rancid flavour with the hay diet could be due to butter fat hydrolysis associated with higher humidity of butter under that treatment [22] . It could also be due to the nature of the feed, as shown by Ferlay et al. [11] : lower lipolysis with a corn silage diet compared with ryegrass hay or mountain natural grassland hay.
CONCLUSION
Compared with maize silage, hay diets with a low level of concentrate supplementation significantly reduced the milk production performance of dairy cows. Furthermore, the effects of hay are variable and depend on its botanical composition, on harvesting conditions, on its production area (plain, highlands or mountain) and are not as important as those of pasture. Nevertheless, compared with maize silage, hay had a positive effect on the nutritional qualities of butter by reducing the saturated fatty acid content and therefore increasing the proportion of unsaturated fatty acids, linolenic acid in particular.
